Introduction {#S0001}
============

Cancer is one of the most significant causes of mortality and disability across the world, especially in developing countries. In some cases, cancer occurs due to some changes in the individual's genes, or due to the environment in which people live.[@CIT0001]--[@CIT0003] Recently, the International Agency for Research on Cancer (IARC) reported a rise in global cancer burden. According to their report, 18.1 million new cases and 9.6 deaths occurred due to cancer in 2018. The most common types of cancer were lung, breast, and colorectal cancer.[@CIT0002] In 2015, about 360,000 mortalities occurred in Iran, among them, 14.9% were due to cancer. This figure shows that the number of deaths due to cancer has doubled from 1990 to 2015. Similar to the rest of the world, the common cancers were lung, colorectal, and breast cancer.[@CIT0004]

With regard to the increasing number of patients, the large amount of clinical and non-clinical data of cancer patients and the necessity to optimize cancer information management, designing and implementing oncology information systems (OIS) seem quite necessary.[@CIT0005],[@CIT0006] This system can support the process of data integration in different stages, such as screening, prevention, diagnosis, treatment, palliative and end-of-life care. Moreover, the needed data will be available electronically to improve cancer care quality and to conduct clinical research.[@CIT0007] An oncology information system needs to be integrated with and interfaced to other hospital systems, such as hospital information systems (HIS) to harmonize processes, data, and reporting, improve patient safety, and facilitate clinical research. In this case, non-clinical data, such as financial data can be collected by the relevant subsystems of the HIS. This approach will prevent duplication of efforts or parallel investment in designing information systems.[@CIT0006]

According to the literature, there have been numerous studies on the application of information systems in the field of oncology. For example, in 2014, Ando designed an oncology information system to record physicians' instructions and to manage treatment plans and outcomes.[@CIT0008] In another study conducted by Evans et al, a geographical oncology information system was implemented in four medical care organizations. The results showed that the system success depended upon the commitment and active cooperation of top managers, designing the system based on the current clinical workflows, defining new workflows, and using appropriate technologies.[@CIT0009] Similarly, Urda et al developed an oncology information system in Spain which improved access to patient information. The availability of data analysis tools, the integration of the system with the clinical workflows, and user-friendliness were some of the benefits of the designed system.[@CIT0010] Other researchers, Hara and Ikushima highlighted the benefits of implementing a comprehensive oncology information system in Japan. These benefits included sharing patient information with other departments, electronic data entry, and reducing medical errors. They also noted that workflow reengineering helped physicians to have more time to care for patients and facilitated using the system.[@CIT0011]

Prior to design a successful system, users' requirements need to be identified and analyzed.[@CIT0010] Following this approach, designing models and diagrams based on the users' requirements can help to represent them in a more clear way.[@CIT0012],[@CIT0013] The unified modeling language (UML) is one of the common tools for developing conceptual models and diagrams in a standard modelling language. In other words, it is a method for describing features and documenting the elements of a system in different diagrams. In the modeling process, all components are displayed as graphic figures to be conceptualized by all users.[@CIT0014]

Currently, hospital information systems and paper-based records both are used to collect cancer data in Iran. However, different issues, such as data incompleteness, difficulty in getting access to the required data and challenges in sharing data between different departments[@CIT0015] have hindered effective use of cancer data. As a result, it seems that identifying users' requirements and designing models and diagrams of an oncology information system can be a starting point to design this system in the near future to improve cancer care documentation. It is notable that users' requirements of an oncology information system were previously identified in a qualitative study.[@CIT0016] However, in the current study, the researchers aimed to validate the results of the previous study in a bigger sample size by using a quantitative method.

Methods {#S0002}
=======

This research was conducted in 2019 and composed of two phases. Initially, the clinical experts (oncologists, pathologists, radiotherapists, chemotherapy nurses) (n=34), who had at least 3 years of work experience in cancer care, took part in the study to identify the most important data elements and functional requirements in an oncology information system. The research settings were eight teaching hospitals across the country in which cancer patients were provided with different types of healthcare services.

In order to collect data, the Delphi Method was used in two rounds. The research instrument was a five-point Likert scale questionnaire, which was designed based on the literature review[@CIT0005]--[@CIT0015] and the results of a previous qualitative study.[@CIT0016] In the first round of the Delphi study, the questionnaire consisted of three main sections including a) participants' characteristics (five items), b) data elements required for cancer screening (18 items), prevention (16 items), diagnosis (19 items), treatment (40 items), mental care and pain relief (eight items), and end-of-life cancer care (five items), and c) functional requirements of an oncology information system (22 items). In the second round of the Delphi study, the questionnaire consisted of two main sections including a) participants' characteristics (five items) and b) data elements required for the oncology information system (17 items). These 17 items did not reach a consensus in the first round of the Delphi study and were asked again in the second round. The content and face validity of the questionnaires were approved by three experts.

To analyze data resulted from the Delphi study, descriptive statistics (frequency, mean value, standard deviation, median, and interquartile range) were calculated for each of the questionnaire's item by using SPSS version 21.0. If 75% of the participants rated an item 4 or 5, it showed that the consensus was reached. In addition to this, the mean value of (3.75) was regarded as a criteria to show the level of agreement and those items with a mean value of 3.75 or more were included in the final list of users' requirements.

In a Delphi study, decision rules must be established to assemble and organize the judgments provided by Delphi subjects. As the Delphi study consists of a series of rounds and the rounds repeat with the goal of reducing the range of responses until "consensus" is achieved, we decided to set the mean value of (2.5) as a cut-off point to remove the items from the final list (agreement level of 50% or less). As a result, items with the mean values between 2.5 and 3.75 were entered into the second round of the Delphi study. The confidence interval was 95%.

In the second phase of the research, a conceptual model and the structural and behavioral diagrams (UML diagrams) including use case, activity, workflow and sequence diagrams were drawn by using Visual Paradigm software. Then, the model and diagrams along with a questionnaire which included 38 questions were presented to five experts (oncologist, radiotherapist, pathologist, chemotherapy nurse, and a software engineer). The questionnaire had three responses for each question (acceptable (2), relatively acceptable (1), and not acceptable (0)). The content and face validity of the questionnaire were confirmed by three experts. Descriptive statistics (frequency and percentage) were used for data analysis and the experts' comments were applied to revise the conceptual model and the UML diagrams.

Results {#S0003}
=======

In the first round of the Delphi study, 34 out of 40 clinicians (85%) including oncologists, pathologists, radiotherapists, chemotherapy nurses completed the questionnaire. Over half of the participants were male (n=20, 58.8%) and the highest frequency (n=15, 41.1%) was related to the age range of 40--49 years old. In terms of education, the highest frequency (n=11, 32.3%) was related to the bachelor\'s degree of nursing. About half of the participants were nurses (n=15, 44.1%), and the highest frequency of work experience (n=15, 44.1%) was between 11 and 15 years. In the second round of the Delphi study, a similar pattern with different figures was repeated. The participants' characteristics in the first and second rounds of the Delphi study are presented in [Table 1](#T0001){ref-type="table"}.Table 1Participants' Characteristics in the First and Second Rounds of the Delphi StudyDelphi Study\
VariablesRound OneRound TwoFrequencyPercentageFrequencyPercentageGenderMale2058.81260Female1441.1840Age (years)30--39926.463040--491544.1115550--591029.4315Level of educationBSc1132.3840MSc411.7210Medical specialty1029.4315Medical subspecialty926.4735OccupationOncologist514.7525Radiotherapist823.5315Pathologist617.6210Chemotherapy nurse1544.11050Work experience in the field of cancer care (years)1--538.83156--10823.542011--151544.173516 and above823.5630

The experts were asked to identify the most important data elements and functional requirements of an oncology information system. The first part of the questionnaire was related to the data elements required for cancer screening ([Table 2](#T0002){ref-type="table"}).Table 2Distribution of the Participant's Responses Regarding the Importance of the Data Elements Required for Cancer ScreeningData Elements Required for Cancer ScreeningVery ImportantImportantNeutralLess ImportantNot ImportantMean ± SDMedian (Interquartile Range)First and Third QuartileAgreementFr(%)Fr(%)Fr(%)Fr(%)Fr(%)1Patient data (name, surname, national ID, age, sex, occupation, etc)17501647.0512.9500004.47±0.564.5 (0.25)4.75, 5✓2Clinical dataHealth status2985.29514.700000004.85±0.355 (0)5, 5✓3BMI1338.232058.8212.9500004.35±0.534 (1)5, 4✓4Special medication1852.941441.1612.9512.95004.44±0.705 (1)5, 4✓5Being exposed to chemicals617.641647.05926.4938.82003.23±0.34 (1)4, 3\*6Smoking and addiction617.641441.160012.9512.954.38±0.885 (1)5, 4✓7Exercising617.641647.05514.70514.7025.913.55±1.134 (1)4, 3\*8Nutritional status514.702161.7538.8238.8225.913.70±1.034 (0)4, 4\*9Paraclinical testsLaboratory tests1647.051647.0525.8800004.41±0.604 (1)5, 4✓10Sonography1235.29926.49720.5838.8238.823.73±0.814 (2)5, 3\*11Mammography2779.42720.580000004.79±0.415 (0)5, 5✓12Radiography1441.171955.8812.9500004.38±0.554 (1)5, 4✓13Endoscopy1647.051647.0512.9512.95004.38±4.384 (1)5, 4✓14Cytology1955.881338.2425.8800004.5± 0.615 (1)5, 4✓15Paraclinical test results1955.881441.1712.9500004.52±0.565 (1)5, 4✓[^1]

As [Table 2](#T0002){ref-type="table"} shows, most of the data elements were found necessary for cancer screening. However, some data elements, such as being exposed to chemicals (3.23±0.3), exercising (3.55±1.13), nutritional status (3.70±1.03), and sonography (3.73±0.81) did not reach a consensus and they were transferred to the second round of the Delphi study. Among the data elements required for cancer screening, patient's health status (4.85±0.35) and mammography (4.79±0.41) had the highest mean values.

Among the data elements required for cancer prevention ([Table 3](#T0003){ref-type="table"}), body mass index (4.61±0.55) and patient history (4.55±0.66) had the highest mean values. However, data elements, such as exercising (3.5±1.18) and nutritional status (3.73±1.16) did not reach a consensus and were transferred to the second round of the Delphi study.Table 3Distribution of the Participant's Responses Regarding the Importance of the Data Elements Required for Cancer PreventionData Elements Required for Cancer PreventionVery ImportantImportantNeutralLess ImportantNot ImportantMean ± SDMedian (Interquartile Range)First and Third QuartileAgreementFr(%)Fr(%)Fr(%)Fr(%)Fr(%)16Prevention of occurrencePatient data (name, surname, national ID, age, sex, occupation, etc.)1852.941132.350000514.74.08±1.375(1)5, 4✓17Patient history2167.761235.290012.94004.55±0.665(1)5, 4✓18BMI2264.71132.3512.9400004.61±0.555(1)5, 4✓19Special medication2058.821132.3525.8812.94004.47±0.745(1)5, 4✓20Being exposed to chemicals1955.881235.2938.8200004.47±0.665(1)5, 4✓21Smoking and addiction1647.0517500012.94004.41±0.654(1)5, 4✓22Exercising823.521235.2938.821132.35003.50±1.184(2)4, 2\*23Nutritional status926.471544.11411.76411.7625.883.73±1.164(0.25)4.75, 3\*24Paraclinical tests for cancer prevention1338.231338.23720.5812.94004.11±0.844(1)5, 4✓25Paraclinical tests results1441.171544.11514.700004.26±0.74(1)5, 4✓26Prevention of cancer recurrencePeriodic Paraclinical tests1647.051647.0525.8800004.41±0.64(1)5, 4✓27Chemotherapy history2058.821235.2912.9412.94004.05± 0.75(1)5, 4✓28Radiotherapy history1955.181029.4138.8212.9412.944.32±0.975(1)5, 4✓29Medication history1544.111235.2938.82411.76004.11±14(1)5, 4✓30Periodic Paraclinical tests results17501338.23411.7600004.38±0.694.5(1)5, 4✓[^2]

Regarding cancer diagnosis, most of the data elements, such as symptoms (4.50±0.56), results of clinical examinations (4.94±0.23), patient history (4.20±0.94), current medications (4.11±0.72) were found important ([[Appendix I](https://www.dovepress.com/get_supplementary_file.php?f=259013.docx)]{.ul}). However, some data elements, such as drug allergies (3.14±1.15) and job-induced risk factors (3.67±1.22) did not reach a consensus and were transferred to the second round of the Delphi study. One item, i.e., "food allergies" (2.38±1.15) was removed from the final list as its mean value was lower than 2.5.

In terms of cancer treatment ([[Appendix I](https://www.dovepress.com/get_supplementary_file.php?f=259013.docx)]{.ul}), most of the data elements, such as patients' clinical history (4.29±0.87), medical consultation (4.20±0.68), suggested surgery (4.52±0.56), laboratory tests results during radiotherapy (4.14±0.89), tumor position (4.38±0.77), and other data elements were found important to be included in the system. Nevertheless, a number of data elements, such as patient consent (3.73±1.28), radiotherapy complications (3.73±1.05), body surface area (3.73±1.30), pharmacist's approval (3.5±1.10), vital signs control (3.73±1.46), consciousness assessment (3.73±1.37), disease progress report (3.73±1.10), and discharge plan (3.58±1.39) did not reach a consensus and were asked again in the second round of the Delphi study.

Regarding mental care and pain relief ([[Appendix I](https://www.dovepress.com/get_supplementary_file.php?f=259013.docx)]{.ul}), prescribed medications for mental care (4.05±0.77), training patients and their caregivers (4.20±0.64), prescribed medications for pain relief (4.44±0.89) and other data elements reached a consensus. However, training to improve nutritional status (3.73±1.13) was asked again in the second round of the Delphi study. Another part of the questionnaire was related to the data required for the end-of-life care ([[Appendix I](https://www.dovepress.com/get_supplementary_file.php?f=259013.docx)]{.ul}) and included spiritual challenges of patients and their families (3.91±0.86), procedures to overcome these challenges (4.02±0.75), prescribed medications for pain relief (4.2±0.76), and training to improve patient's nutritional status (3.94±0.95). These data elements along with all functional requirements of an oncology information system ([[Appendix I](https://www.dovepress.com/get_supplementary_file.php?f=259013.docx)]{.ul}), such as obtaining an electronic patient consent for treatment (4.47±0.50), applying DICOM-RT standard in radiotherapy (4.20±0.72), treatment scheduling (3.91±1.05), and scanning medication bar codes (4.26±0.75) were found important.

In the second round of the Delphi study, all data elements required for an oncology information system, that did not reach a consensus in the previous round, were asked again, and finally, all of them were approved by the experts.

In the second phase of the research, the data elements and functional requirements found in the Delphi study along with the cancer care workflows reported in the previous qualitative study[@CIT0016] were used together to provide a conceptual model ([Figure 1](#F0001){ref-type="fig"}) and the structural and behavioral diagrams of the system by using Unified Modelling Language (UML). The UML diagrams included use case, activity, sequence, and workflow diagram. A sample of these diagrams is presented in [Figures 2](#F0002){ref-type="fig"}[](#F0003){ref-type="fig"}[](#F0004){ref-type="fig"}--[5](#F0005){ref-type="fig"}. Figure 1Data elements and functional requirements of an oncology information system. Figure 2Use case diagram for the chemotherapy department. Figure 3Workflow diagram for the chemotherapy department. Figure 4Activity diagram of user registration. Figure 5Sequence diagram of user registration.

The UML diagrams were given to five experts to review and comment on them. Most of the participants were male (n=3, 60%), and their age range was between 40 and 49 years old. Moreover, the highest frequency (n=3, 60%) belonged to the work experience of 11 to 15 years. Most of the diagrams were approved by the participants. However, four diagrams including two use case diagrams and two workflow diagrams (chemotherapy and radiotherapy) required revisions. These diagrams were revised based on the experts' comments.

Discussion {#S0004}
==========

An oncology information system supports cancer care documentation by collecting data related to different stages of cancer care.[@CIT0007] These data assist clinicians, researchers, and healthcare organizations to work on different types of cancer more effectively. Moreover, cancer modelling, monitoring the disease and treatment plans, allocating resources for cancer care, and conducting clinical research can be facilitated by collecting data via oncology information systems.[@CIT0011],[@CIT0017]

The usefulness of oncology information systems has been highlighted in different studies. For example, Yang showed that this system helped to improve quality of care and assisted the users to spend more time on the important tasks rather than spending time on the simple and repetitive tasks.[@CIT0018] Yu et al believed that the use of oncology information systems may lead to better cancer care management, reduces human errors, saves costs, and increases the quality of care.[@CIT0019] The results of the study carried out by Poulter et al showed that system users were satisfied with the system, as it helped with keeping information up-to-date, enhancing the quality of care, making better decisions, and reducing time to search for patient information.[@CIT0020]

Given the importance and benefits of using oncology information systems, the current research focused on the data elements and functions necessary for developing this system. As the clinicians' perspectives might be different due to their departmental requirements and workflow, clinicians in the oncology, pathology, radiotherapy, and chemotherapy departments were asked to take part in the study. Moreover, cancer care documentation includes different stages of screening, prevention, diagnosis, treatment, mental care, pain relief, and end-of-life care. Therefore, in the current research, data related to each stage were investigated.

In a similar study, Kabukye et al focused on the users' requirements of an oncology electronic medical records. They found that data elements, such as demographic, clinical, diagnostic, and treatment data (e.g., cancer stage, tumor size, and chemotherapy progress), and functions, such as using a clinical decision support system to prescribe correct dosage of chemotherapy drugs and electronic scheduling for care plans were necessary to be included in the system.[@CIT0021] In another study, the use of DICOM-RT standard (an extension of digital imaging and communications in medicine (DICOM) standard used in radiotherapy), radiotherapy treatment plan, radiation dosage, CT scan images, treatment documents, and a summary of treatment documents were suggested to be included in the system.[@CIT0022]

In the report published by the Canadian Institute for Health Information in 2018, providing a minimum dataset of diagnostic, topographic, and morphological cancer data, as well as progress report and initial date of diagnosis were recommended.[@CIT0023] Similarly, other research studies highlighted the radiotherapy[@CIT0018],[@CIT0024]-[@CIT0027] and chemotherapy data required to be included in an oncology information system.[@CIT0003],[@CIT0025],[@CIT0028] It is notable that although there is a variety of data elements that can be considered in an oncology information system, users' requirements might be different in each setting and need to be investigated to prevent designing a system which is not able to meet their needs.

The research findings also showed that similar to the numerous data elements that can be considered in an oncology information system, a number of functions needs to be taken into account to facilitate users' daily tasks. For example, presenting and reporting statistical analyses, controlling data confidentiality, sharing information with other clinical systems, using DICOM-RT in radiotherapy, scanning barcodes of medications and patient wristbands, and treatment scheduling are some of the functions recommended to be included in an oncology information system.[@CIT0010],[@CIT0012],[@CIT0029],[@CIT0030]

Liu and Wen used a drug injection system in a chemotherapy department which scanned the barcodes of medications and patients' wristbands to check the correctness of five criteria (patient, medication, dosage, method of injection, and time) and the users were satisfied with the system efficiency.[@CIT0031] After determining data elements and functional requirements of an oncology information system, like other information system, designing a conceptual model and UML diagrams is another step towards developing an actual system.[@CIT0032] In the current study, a conceptual model and the UML diagrams including use case, activity, sequence, and workflow diagrams were designed based on the results derived from the Delphi study and the previous qualitative study.[@CIT0016]

In a similar study, Shiki et al presented a conceptual model of a hospital-based oncology information system. The conceptual model of this system included use case, activity, and class diagrams.[@CIT0033] In another study, Lyalin and Williams presented the activity diagrams to enhance the workflow of the admission process.[@CIT0034] Therefore, with regard to the fact that the conceptual models help with designing information systems, it is expected that the conceptual model and the UML diagrams presented in the current study can facilitate the process of system design in the future.

Research Limitations {#S0005}
====================

This research had some limitations. First of all, although clinicians from eight teaching hospitals took part in the study, the number of the participants in the first and second rounds of the Delphi study was limited. However, as there is no well-defined rule for selecting a specific number of the participants in a Delphi study and representation is assessed by the quality of the expert panel rather than its number, we can conclude that the participants were well-experienced clinicians in cancer care and the results might be generalized to a bigger sample size. Moreover, the logical and physical data models of the system were not designed in this study. The logical data model deals with the structure of the data elements and the relationships between them, and the physical data model describes the database-specific implementation of the data model. As it is expected to continue this research in the near future and develop an oncology information system, designing the logical and physical data models of the system will be part of the future projects.

Another issue might be related to the level of details associated with each data element. Although we reached a large number of data elements necessary for designing an oncology information system, it was not possible to include all of them in the questionnaire. Therefore, we decided to focus on the main items. Moreover, the current study aimed to present a conceptual model of an oncology information system. Therefore, more details about other data elements, which might not be mentioned in this study, should be investigated before or during designing a real system.

Conclusion {#S0006}
==========

The process of cancer care consists of screening, prevention, diagnosis, treatment, mental care and pain relief, and end-of-life care. To be able to manage these processes effectively, reliable and up-to-date data can be available by using oncology information systems. In the present study, data elements and functional requirements of an oncology information system were identified from the clinicians' perspectives. The results showed that the data elements varied in different stages of cancer care and different departments. Regarding the system functions, statistical analyses and the use of clinical decision support systems for determining medication or radiation dosage were found important. A conceptual model and the UML diagrams designed in the current study can facilitate designing the actual system. However, this system needs to be implemented and used in practice to see how it can meet users' requirements.
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